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FOREWORD 
This document is  submitted i n  accordance with Task No .  4 . 9  
of the Statement of Work E x h i b i t  A, Contract NASY-41399. 
This document i s  submitted i n  three volumes: 
Volume I - Summary; 
Volume I1 - Technical Results; 
Volume I11 - Implementation Plan. 
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I. INTRODUCTION 
1 
The onboard checkout system (0s) i s  a versatile test  system 
a p p l i c a b l e  to  any test and monitoring need. The des ign  of an OCS 
w a s  i n i t i a t e d  through Contract  NAS9-4899, da t ed  28 June 1965. 
The purpose of t h i s  t a s k  w a s  t o  develop a n  independent ,  real-time 
sys  t e m  f o r  p r e a c t i v a t i o n  v e r i f i c a t i o n  and cont inuous moni tor ing  
of experimental  and developmental subsystems f o r  t h e  Apollo a p p l i -  
c a t i o n s  program ( U P ) .  The OCS w i l l  be used dur ing  both  prelaunch 
and miss ion  ope ra t ions .  The c o n t r a c t  products  are: 
1) System des ign;  
2) F e a s i b i l i t y  breadboard; 
3) System s p e c i f i c a t i o n s ;  
4 )  Implementation plan. 
An i n - f l i g h t  checkout and monitor ing system i s  needed t o  en- 
s u r e  t h a t  experiments  are i n  a s t a t e  o f  o p e r a t i o n a l  readiness, 
v a l i d a t e  experimental  data, and provide a means of c e n t r a l l y  
managing mission experiments .  
the  f e a s i b i l i t y  of i n - f l i g h t  maintenance f o r  f u t u r e  long-dura t ion  
space missions.  
An OCS w i l l  a l s o  be used t o  prove 
Although based on t h e  AAP, t h e  OCS can be used wi th  the  Apollo 
experiments p a l l e t  (AEP) and any long-dura t ion  space  miss ion  such 
as MORL and Mars probes. An OCS ground ve r s ion  can be used f o r  
boos t e r  checkout.  
ceptance.  I n  a d d i t i o n  t o  checkout, t he  OCS can perform space-  
c r a f t  .subsys t e m  c o n t r o l  and housekeeping func t ions  under a s t r o -  
n a u t  c o n t r o l .  The OCS also provides t h e  b a s i s  f o r  a n  e f f i c i e n t  
d a t a  management system. 
A p o r t a b l e  ve r s ion  can perform experiment ac-  
The OCS system des ign  uses a general-purpose d i g i t a l  computer 
f o r  f l e x i b l e  c o n t r o l .  A c e n t r a l  s t imulus  gene ra to r  provides  a 
complete spectrum o f  e l e c t r i c a l  s t i m u l i .  A c e n t r a l  measurement 
u n i t  scales and d i g i t i z e s  s i g n a l s  f o r  e v a l u a t i o n  by the  computer. 
A c o n t r o l  and d i s p l a y  system is m e d  by a s t r o n a u t s  and o p e r a t o r s  
t o  manage experiments .  Modular swi tch ing  u n i t s  d i s t r i b u t e  s i g -  
n a l s .  A d a t a  i n t e r f a c e  and c o n t r o l  u n i t  conve r t s  d a t a  format  
among the  a i r b o r n e  systems and ground systems such as ACE-S/C and 
MCC-H/GOSS. 
miss ions .  
Modular packaging provides  f l e x i b i l i t y  f o r  va r ious  
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The sof tware  system des ign  s e p a r a t e s  the test  eng inee r ing  t a s k  
from the  computer programing t a sk .  
tes ts  t o  be conducted by s imple  t e s t - o r i e n t e d  o p e r a t i o n s  such as 
s t imu la t e ,  measure, and compare. Any tes t  can be desc r ibed  by 
combinations of a s m a l l  number of such o p e r a t i o n s .  The test  de- 
s c r i p t i o n s  are d i r e c t l y  t r a n s l a t e d  i n t o  a i r b o r n e  computer t es t  
d a t a  inputs  wi thout  f u r t h e r  programing. The test d a t a  i n p u t s  
c o n t r o l  a f i x e d  set  of sub rou t ines  t h a t  execu te  t h e  s t anda rd  test  
opera t ions .  Complex tests can be performed by a p p r o p r i a t e  cam- 
b ina t ions  o f  o p e r a t i o n s  from t h e  small set  of sub rou t ines .  Re- 
s t r i c t i n g  computer programs t o  a s m a l l  se t  of  sub rou t ines  makes 
p r a c t i c a l  comprehensive t e s t i n g  t o  ach ieve  so f tware  dependab i l i t y .  
The tes t  eng inee r  d e s c r i b e s  
A breadboard w a s  b u i l t  t o  demonstrate t he  f e a s i b i l i t y  of t h e  
OCS design concept.  The breadboard performs each OCS hardware 
and sof tware  func t ion  i n  con junc t ion  wi th  a CDC 160A computer and 
simulated u n i t s  under tes t .  The breadboard was designed, b u i l t ,  
and s u c c e s s f u l l y  demonstrated a t  MSC i n  less than 4 mo. 
The OCS des ign  met o r  exceeded a l l  s p e c i f i c a t i o n s  e s t a b l i s h e d  
a t  t h e  s t a r t  of t h e  s tudy .  Major c h a r a c t e r i s t i c s  of t h e  AAP 
Phase I pro to type  OCS dur ing  a 14-day miss ion  are:  
1) Weight - 134 l b ;  
2) Power - 0.25 kwh/day; 
3) Volume - 5040 cu i n . ;  
4 )  R e l i a b i l i t y  - 0.998; 
5) Tests - 640; 
6) Memory - 12,000 words. 
The OCS can be designed i n  12 m o  and d e l i v e r e d  i n  18 mo. 
Proven design techniques  and proven component technology w i l l  be 
used throughout. The computer w i l l  be a f l i g h t - q u a l i f i e d  machine 
t h a t  can b e  d e l i v e r e d  i n  10 mo. These system d i s c i p l i n e s  w i l l  
e x p l o i t  t h e  r e l i a b i l i t y  ach ievab le  wi th  today ' s  technology. 
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11. PROGRAM OBJECTIVES 
The o b j e c t i v e s  of  Contract  NAS9-4899, Design of an  Onboard 
Checkout System (OCS), have been to:  
1) Analyze t h e  requirements f o r  an OCS, develop a bread-  
board OCS, and design a pro to type  OCS system f o r  t he  
Apollo a p p l i c a t i o n s  program; 
2 )  Develop hardware and sof tware s p e c i f i c a t i o n s  and an 
implementation plan f o r  the  OCS. 
111. METHOD OF APPROACH AND PRINCIPAL ASSUMPTIONS 
The method e s t a b l i s h e d  t o  a t t a i n  program o b j e c t i v e s  i s  i l l u s -  
t r a t e d  i n  F ig .  111-1. This  method involves  s i x  a c t i v i t i e s :  
1) D e f i n i t i o n  of  OCS requirements;  
2 )  S e l e c t i o n  of a checkout concept ;  
3 )  Development of s y s t e m  des ign;  
3 
4 )  Development of breadboard f e a s i b i l i t y  mndel; 
5) Documentation of t e c h n i c a l  r e s u l t s ;  
6 )  Development of an implementation p lan  f o r  t h e  follow- 
on program. 
The p r i n c i p a l  assumptions t h a t  guided the  OCS s tudy  were: 
1) The OCS w i l l  demonstrate,  by a c t u a l  miss ion  perform- 
ance,  t he  f e a s i b i l i t y  of onboard checkout dur ing  
the  Phase I AAP. The Phase I1 AAP c o n f i g u r a t i o n  w i l l  
be similar t o  the  f i r s t - f l i g h t  pro to type ,  b u t  w i t h  
increased  s igna l -handl ing  c a p a b i l i t y ;  
2 )  During the  Phase I AAP, each OCS w i l l  be d e l i v e r e d  
t o  the  Kennedy Spacecraf t  Center (KSC) f o r  i n s t a l l a -  
t i o n  i n  the spacec ra f t  a t  t h e  i n t e g r a t i o n  c e n t e r .  
A f t e r  i n s t a l l a t i o n ,  the  OCS w i l l  f unc t ion  as an i n -  
t e g r a l  p a r t  of the t o t a l  checkout system throughout 
the  mission;  
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3)  P r i n c i p a l  e lements  of t h e  a i r b o r n e  OCS may be  loca ted  
i n  t h e  command module (CM), s e r v i c e  module (SM), 
l u n a r  excurs ion  module (LEM), o r  t h e  AAP l a b o r a t o r y  
module. The exact  l o c a t i o n  of OCS equipment w i l l  be  
determined by  NASA-MSC and interequipment  cab l ing  w i l l  
be n-nvided rA- by t h e  s p c e c r a f t  mndule c o n t r a c t o r ;  
4) OCS ground support  equipment (GSE) w i l l  i n t e r f a c e  w i t h  
t h e  a i r b o r n e  OCS through t h e  acceptance checkout equip- 
ment-spacecraf t  (ACE-S/C) connect ion.  OCS GSE w i l l  be 
loca t ed  on t h e  gant ry  and a t  t h e  c o n t r o l  c e n t e r .  ACE- 
S/C w i l l  be a b l e  to c o n t r o l  OCS opera t ions ,  OCS memory 
loading ,  and d i sp lay  of a l l  t e s t  d a t a ;  
5) The ground ope ra t iona l  support  system (GOSS) w i l l  be  
used a s  an i n t e r f a c e  l i n k  between t h e  Mission Cont ro l  
Center-Houston (KC-H)  and t h e  OCS. The GOSS i n t e r -  
face wi th  OCS w i l l  be through the  Apollo command up- 
d a t e  l i n k  and t h e  f l i g h t  PCM; 
6)  The OCS w i l l  u se  modular c o n s t r u c t i o n  t o  o b t a i n  con- 
f i g u r a t i o n  f l e x i 3 i l l t y ;  
7 )  OCS des ign  w i l l  use mature parts and m e t e r i a l s  to t h e  
maximum p r a c t i c a l  e x t e n t .  The des ign  w i l l  be  based on 
use of an e x i s t i n g  f l i g h t - q u a l i f i e d  general-purpose 
d i g i t a l  computer; 
8) There w i l l  be no i n - f l i g h t  maintenance. However, OCS 
w i l l  perform se l f - check  t o  t h e  r e p l a c e a b l e  module l e v e l .  
Ground maintenance w i l l  be  based on r e p l a c i n g  OCS u n i t s ;  
9) Basic  power f o r  OCS w i l l  be obtained from t h e  space- 
c r a f t  power system; 
10) F l i g h t  crew t r a i n i n g  f o r  t h e  OCS w i l l  be  i n t e g r a t e d  
i n t o  t h e  o v e r a l l  f l i g h t  crew t r a i n i n g  program a t  NASA- 
MSC. F l i g h t  crew ope ra t ion  i n s t r u c t i o n s  w i l l  be inco r -  
porated i n  t h e  Apollo Operat ions Handbook o r  i t s  AAP 
equ i v a  1 en t  . 
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I V .  BASIC D E S I G N  SPECIFICATIONS GENERATED AND 
SIGNIFICANT RESULTS 
Chapter I1 of t h i s  r e p o r t  h a s  d e f i n e d  t h e  b a s i c  d e s i g n  s p e c i -  
f i c a t i o n s  genera ted .  
i n t e n t  of t h e  s p e c i f i c a t i o n s .  
This  chapter  w i l l  summarize t h e  f u n c t i o n a l  
A .  SPECIFICATION CP-180100, ONBOARD CHECKOUT 
SET - AIRBORNE (OCS-A/B) 
1. General 
A genera l ized  f u n c t i o n a l  block diagram of a checkout system 
i s  shown i n  F i g .  I V - 1 .  It c o n t a i n s  a programing, d e c i s i o n ,  and 
sequencing f u n c t i o n  t h a t  se t s  up t h e  t e s t  sequencing,  c o n t a i n s  
t h e  l i m i t s  f o r  t e s t i n g ,  and c o n t r o l s  t h e  remaining p o r t i o n s  of  
t h e  system. 
f o r c e  t h e  u n i t  under t e s t  i n t o  a p a r t i c u l a r  o p e r a t i n g  s t a t e .  The 
measurement f u n c t i o n  conver t s  t h e  response  of t h e  u n i t  under tes t  
t o  t h e  s t imulus i n t o  a form u s a b l e  by t h e  d e c i s i o n  p o r t i o n  of t h e  
system. The o p e r a t o r  c o n t r o l  and d i s p l a y  provides  the i n t e r f a c e  
t o  the  crew r e q u i r e d  f o r  checkout o p e r a t i o n ,  The e x t e r n a l  i n -  
t e r f a c e  allows a n  e x t e r n a l  ground system t o  c o n t r o l  and r e c e i v e  
d a t a  from t h e  checkout system. 
The s t imulus  f u n c t i o n  i n s e r t s  t h e  e x c i t a t i o n  t o  
2 .  System Operat ion 
Figure IV-2 i s  a block diagram of t h e  OCS-A/B f o r  t h e  AAP. 
It conta ins  a l l  of t h e  elements shown i n  F i g .  I V - 1 ,  bu t  i s  drawn 
t o  show s i g n a l  f low and t h e  a c t u a l  u n i t s  o r  blackboxes t h a t  make 
up t h e  system. A l l  programing, sequencing, d e c i s i o n s ,  and t e s t  
t o l e r a n c e s  a r e  s t o r e d  i n  t h e  computer memory. The computer and 
a l l  o t h e r  u n i t s  of t h e  system i n t e r f a c e  through a d a t a  in te rchange  
and c o n t r o l  u n i t  (DIACU). This u n i t  handles  a l l  d a t a  f o r m a t t i n g ,  
r o u t i n g ,  and s i g n a l - l e v e l  conversion.  
7 
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A command t o  perform a t e s t  o r  a series of tes ts  may o r i g i n a t e  
a s  t h e  r e s u l t  of o p e r a t o r  commands from t h e  c o n t r o l  and d i s p l a y  
panel onboard t h e  s p a c e c r a f t ,  from a c o n t r o l  and d i s p l a y  panel  i n  
t h e  OCS-GSE, from t h e  ACE-SIC dur ing  ground checkout ,  o r  from t h e  
GOSS worldwide communication n e t  dur ing  f l i g h t .  These commands 
w i l l  be  sen t  by t h e  DIACU t o  t h e  computer by a p a r a l l e l  d i g i t a l  
i n t e r f a c e .  The computer w i l l  i n t e r p r e t  t h e  command and w i l l  i s s u e  
d i g i t a l  c o n t r o l  d a t a  back t o  t h e  DIACU.  The DIACU w i l l  format t h e  
p a r a l l e l  d a t a ,  perform l e v e l  conversion,  and send it o u t  i n  se r ia l  
form on t h e  c o n t r o l  bus.  This  s i n g l e  c o n t r o l  bus i s  r o u t e d  t o  a l l  
o t h e r  u n i t s  of t h e  OCS as shown. A p a r t  of t h e  d a t a  i n  t h e  s e r i a l  
t r a i n  i s  an OCS u n i t  a d d r e s s .  Each u n i t  i s  designed so i t  w i l l  
a c t  on ly  on t h e  s e r i a l  t r a i n  i f  t h e  d a t a  c o n t a i n  i t s  a d d r e s s .  The 
s e r i a l  t r a i n  i s  s e n t  twice  by t h e  DIACU and each u n i t  checks both  
t ransmiss ions  b e f o r e  us ing  t h e  d a t a .  The r e s u l t  of t h e  d a t a  check 
i s  s e n t  back t o  t h e  DIACU by t h e  addressed u n i t .  I f  t h e  t r a n s -  
miss ion  check i s  bad,  t h e  complete c y c l e  w i l l  be r e p e a t e d  s e v e r a l  
t imes.  A normal t es t  would proceed w i t h  a command t o  c l o s e  a 
p a r t i c u l a r  swi tch  i n  a s t imulus  swi tch ing  u n i t  (SSU) . The next  
command would b e  t o  t h e  s t imulus  g e n e r a t o r  t o  supply a p a r t i c u l a r  
s t imulus  type  and magnitude. The SGU would supply t h i s  s t imulus  
on a s i n g l e  bus ( s t imulus  bus) t o  t h e  SSU. The SSU, a l r e a d y  pro- 
gramed, would apply  t h e  s t imulus  t o  t h e  p a r t i c u l a r  po in t  d e s i r e d  
i n  t h e  u n i t  under t e s t .  Mul t ip le  l i n e s  i n t e r f a c e  t h e  swi tch ing  
u n i t s  with t h e  u n i t  under t e s t .  The MSU i s  t h e n  programed t o  con- 
n e c t  a p a r t i c u l a r  one of many tes t  p o i n t s  t o  t h e  analog measure- 
ment buses ,  A and B.  Normally, on ly  bus A i s  used ,  Bus B i s  
needed f o r  measurements r e q u i r i n g  two l i n e s  such as phase,  some 
time i n t e r v a l s ,  and modulated s i g n a l s .  The MU c o n v e r t s  t h e  analog 
d a t a  t o  a d i g i t a l  form and f e e d s  i t  s e r i a l l y ,  a long  t h e  response 
b u s ,  t o  t h e  DIACU.  The DIACU a g a i n  performs l e v e l  conversion and 
sends the response d a t a  t o  t h e  computer i n  pa ra l l e l  form. The 
computer t h e n  performs a d e c i s i o n  based on p r e s t o r e d  procedures .  
The sequence above i s  only  t y p i c a l .  The o r d e r  and t i m e  r e l a t i o n -  
s h i p s  of commands and d a t a  f low can be  v a r i e d  by programing. 
Stimulus and measurement c a p a b i l i t i e s  are  given i n  Tables  I V - 1  
and I V - 2 .  
h g i C  DcCiaiM I Discrete voltage provided t o  experiment by n= 
~ 
fl .oz 
~ ~ 
1- Information frequency 0 t o  20 cps. 
Carriers 100 cpa t o  10 kc. W s u r e P m t  
requir-ts a re  fo r  in-phase component 
exclusive of quadrature and harumics.  
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Remarks ReWlUtion Distortion 
4% t o  100 t c  
yhic&v~r is C r e a m  QI t o  1 u I 0.12 of Rogrnrd Bilue or 1 N, S p o e t r i c a l  t1I p-p. ibuut Grouod 50 N t o  u) v (0 t o  4 tc)  ,_*_ WC rimti (3 ram&ec:) 50a to 10 v (4 kc t o  1 r) into 50 a (3 raqps) 
0.1 cp. t o  1 mc in 
7 ranges 
: .3 
Requency 
1 .o 0.12 of R o g d  
Value 
z .n EiSP fa?? t h e  
a.1 ps. Amplitude 
same as for  ac vol- 
tage. 
0f)pCc.hmt .nA 
Pinging .c5% for  
iurrmics b e l w  
10 la; a o x  for 
hrmonics abwe 
10 r. T i l t  
Dc Voltage 1 .o Ripple d).l% of Programed 
Valve or 0.5 LUV, Whichever 
is Greater 
5 H t o  40 v in to  600 
ihrin (4 ranges) 
DC Current 1 .o 
Voltage m 
Current f i l m  
1 ( I K C  t o  10 M C  
10 u e c  t o  100 sec 
1 .o Amplitude same a s  for 
dc voltage or dc current.  
Diacretes Supplied d i r ec t ly  f r a  
d i sc re t e  voltage buses 
in s t f u l u s  muitching 
mdules  
bblc IV-2 OCS-A/B Ihaaurmt Chlrac te r i s t fcs  
I k a s u r c m t  
v p e  
P 
DC Voltage 
(Bipolar) 
Accuracy I Besolution 1 I 
10 mv t o  40 v Prequrncier: 
handled as a repe t i t ive  AfD conversion 
with magnitude determined by the computer 
t o  1.OI accuracy 
dc t o  20 cps vi11 be Cl.0I of VdIM or 
Reaolut ion, Whichever 
is Greater 
I i w  I i i . O %  of Value or Resolution. Yhichever m W t o w v  (20 cp. t o  4 kc) 
50 N t o  10 v 
(4 t c  t o  1 mc) 
2 t o  32 v 
AC Voltage 
pws 
is Greater 
Discrete. 
(Bipolar) 
252 
contact 
Closures 
1 *ace t o  10 rLn a.12 Ifr 
1- 
IntlrVAl 
Pulse 
Width 
PhAse 
Requency 
0.1 psec 
M.1X 0.1 cps co 
1.0 r p s  
Pulse Code 
Hodula t ion 
Word Lengtl 
B i t  Bate 
Deconutate data: se lec t  measurement 
words from 128 vord serial pulse t r a i n  
lmoving preassigned vord posit ions 8 b i d w o r d  
00 b i t d s e c  t o  
64K b i d s e c  +1 .O% I 
Digital  Data Systems under test that require meas- 
urement of a d ig i t a l  device vi11 connect 
d i r ec t ly  with the in te r face  box through 
a s ingle  s e r i a l  l ine .  
version vi11 be handled through a special  
adapter outside the in te r face  
Any level con- 
Suppreased 
Carrier 
k d u l r t i o n  
m N t o  40 v 
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3 .  Operat ional  Modes 
a .  Control 
The s y s t e m  may be  commanded t o  o p e r a t e  i n  a n  au tomat ic ,  
semiautomatic,  o r  manual mode. I n  t h e  au tomat ic  mode, a 
complete ser ies  of t es t s  i s  commanded and ,  once enabled,  
proceeds u n t i l  t h e  l a s t  t e s t  d e s i r e d  i s  completed. An 
except ion t o  t h i s  i s  t h a t  i f  a mal func t ion  o c c u r s  on a 
t e s t ,  a malfunct ion i s o l a t i o n  set  o f  t e s t s  may be run t o  
i s o l a t e  t o  a module o r  u n i t  w i t h i n  t h e  system being t e s t e d ,  
Af te r  t h e  malfunct ion t e s t s  a r e  completed,  t h e  OCS w i l l  
h a l t .  The o p e r a t o r  may res tar t  t h e  sequence i f  so allowed 
by t h e  t e s t  program. The semiautomatic mode i s  s imi la r  
to  t h e  automatic  mode i n  t h a t  a se r ies  of t es t s  (or  a 
s i n g l e  t e s t )  i s  commanded. However, when enabled,  t h e  
t e s t s  proceed one a t  a t i m e .  After  each s i n g l e  t e s t  i s  
completed, t h e  next  t es t  i s  c a l l e d  up but  w i l l  n o t  be  
performed u n t i l  t h e  o p e r a t o r  manually enables  i t .  This  
allows t h e  o p e r a t o r  t o  go through a sequence of t e s t s  a t  
h i s  d e s i r e d  pace and view a c t u a l  v a l u e s  of r e s u l t s  as  
wel l  a s  t h e  go/no-go s t a t u s .  I n  t h e  manual mode, t h e  
opera tor  may c o n s t r u c t  a new t e s t  w i t h i n  program l i m i t s  
by d e f i n i n g  t h e  i n d i v i d u a l  t e s t  elements of s t i m u l a t e ,  
measure, d i s p l a y ,  and compare and d e f i n e  t h e  m o d i f i e r s  
f o r  each. Modif iers  inc lude  such t h i n g s  as code number 
of t e s t  p o i n t  t o  be s t i m u l a t e d ;  and type ,  f requency,  
d u r a t i o n ,  and magnitude of t he  s t i m u l u s .  This  newly gen- 
e r a t e d  t e s t  may be run  once o r  may be made a permanent 
t e s t  and i n s e r t e d  as a t e s t  i n  a p r e e s t a b l i s h e d  sequence. 
b .  Display 
Regardless of where t h e  command f o r  a tes t  sequence o r i g -  
i n a t e s  ( s p a c e c r a f t  o r  ground) ,  t h e  same informat ion  re la-  
t i v e  t o  t e s t  r e s u l t s  i s  r e t u r n e d  t o  a l l  o p e r a t o r s ,  (Pro- 
vided t h e i r  c o n t r o l  and d i s p l a y  panel i s  r e c e i v i n g  d a t a ,  
ACE-S/C and t h e  OCS-GSE have no i n t e r f a c e  d u r i n g  f l i g h t  
and t h e  s p a c e c r a f t  may n o t  be  w i t h i n  range of a T/M s ta -  
t i o n  dur ing  f l i g h t . )  I n  t h e  automatic  mode, t h e  o p e r a t o r s  
g e t  only t h e  t e s t  sequence complete i n d i c a t i o n  o r ,  i n  t h e  
c a s e  of a no-go, t h e  v a l u e  of t h e  no-go s i g n a l  and t h e  
r e s u l t  of t h e  mal func t ion  i s o l a t i o n  sequence. I n  t h e  
semiautomatic mode, t h e  o p e r a t o r s  r e c e i v e  t h e  a c t u a l  v a l u e  
of response,  w i t h  upper and lower l i m i t s  i n  a d d i t i o n  t o  
t h e  information rece ived  i n  t h e  automatic  mode. I n  t h e  
manual mode, t h e  o p e r a t o r  r e c e i v e s  a l l  d a t a  he e n t e r s  i n t o  
t h e  computer dur ing  tes t  c o n s t r u c t i o n  t o  v e r i f y  t h a t  t h e  
computer rece ived  t h e  d a t a  intended.  
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4 .  Addi t iona l  Funct iona l  Fea tures  
The system has two f u n c t i o n a l  states. The f irst  s ta te  i s  
c a l l e d  s tandby.  
that r e q u i r e d  f o r  a timer and t h e  c i r c u i t s  needed t o  b r i n g  i t  
ou t  of the standby state t o  an o p e r a t i n g  state. 
b e  changed from standby t o  opera t ing  state by a programabie timer 
o r  by a command from e i t h e r  t he  onboard c o n t r o l  and d i s p l a y ,  t h e  
ACE-S/C, t h e  GOSS, o r  a ground c o n t r o l  and d i s p l a y  t h a t  i s  a p a r t  
of  t h e  OCS-GSE. Conversely,  t he  system can be r e tu rned  from op- 
erate t o  s tandby through t h e  crew c o n t r o l  and d i s p l a y ,  t h e  GSE 
c o n t r o l  and d i s p l a y ,  o r  when t h e  computer has  no f u r t h e r  d a t a  t o  
process .  
I n  t h i s  s t a t e ,  a l l  power is  tu rned  o f f  except  
The system can 
In  t h e  o p e r a t i n g  state,  the  OCS can be i n  a checkout o r  moni- 
t o r  phase. I n  t h e  monitor 
phase,  t h e  system performs a passive monitor ing f u n c t i o n  (no s t i m -  
u l i  are i s sued) .  It scans a previous ly  determined series of moni- 
t o r  p o i n t s  and compares themwi th  l i m i t s  and r e p o r t s  any out -of -  
l i m i t  cond i t ion .  The t i m e  f o r  t h i s  scan is  on t h e  o rde r  of a few 
seconds.  The t i m e  between scans is programable up t o  127 minutes 
by t h e  ope ra to r  o r  by the computer. 
The checkout phase has been expla ined .  
P rov i s ions  are inc luded  for OCS s e l f - t e s t ,  which enables  m a l -  
f u n c t i o n  i s o l a t i o n  t o  t h e  u n i t  l e v e l  and,  i n  some c a s e s ,  t o  mod- 
u l e s  w i t h i n  t h e  u n i t s .  
5. Desinn Fea tu res  
Primary des ign  f e a t u r e s  are: 
1) Common program da ta  bus; 
2)  Common response bus; 
3) Common stimulus bus; 
4) Common measurement s i g n a l  bus; 
5) S igna l  and r e t u r n  swi tch ing  of a l l  s t imu lus  and 
measurement s igna l s ;  
6 )  Transformer coupling of a l l  d a t a  and power l i n e s  a t  
each OCS u n i t ;  
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7 )  Common power-enable bus; 
8) D i s t r i b u t e d  power c o n d i t i o n e r ;  
9) System modular i ty .  
6 .  Physical  C h a r a c t e r i s t i c s  
A t  t he  beginning of t h e  s tudy ,  c e r t a i n  major g o a l s  were es- 
t a b l i s h e d ,  These pre l iminary  g o a l s ,  a long  w i t h  t h e  a c h i e v a b l e  
g o a l s  ( i f  t h i n  f i l m  c i r c u i t r y  i s  developed) ,  are  g iven  i n  Table  
IV-3. The weight f i g u r e  inc ludes  t h e  weight of t h e  expendables 
(H2 and 0 ) r e q u i r e d  by t h e  f u e l  c e l l .  2 
Table IV-3 Study Goals 
Weight ( l b )  
Volume (cu f t )  
R e l i a b i l i t y  (Based 
on 8-hr o p e r a t i o n  
t i m e  i n  a 14-day 
mission)  
Power (w) 
A v a i l a b i l i t y  (mo) 
- 
A t  S t a r t  of Study 
150 
Not ass igned  
0.9995 (Included 
onboard maintenance) 
1000 
18 
A t  End of Study 
14 7 
3 
0.998 (Onboard 
ma i n  t enanc e no t  
allowed) 
4 50 
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B. SPECIFICATION CP-181310 SOFTWARE - AIRBORNE, AND 
CP-181350 SOFTWARE - GROUND 
Generat ion of a n  OCS t e s t ,  from concept ion through execut ion ,  
can be descr ibed a s :  
1) The t e s t  engineer  prepares  a t e s t  procedure i n  terms 
of t h e  O C S  t e s t  language. This  language c o n t a i n s  
such terms a s  s t i m u l a t e ,  measure, and d i s p l a y ,  t o -  
g e t h e r  w i t h  a p p r o p r i a t e  m o d i f i e r s ;  
2)  The r e s u l t i n g  t es t  procedure i s  used d i r e c t l y  t o  pre-  
pare  a machine-readable form of t h e  t e s t ;  
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The ground-based system, test language processor  (TLP), 
translates t h e  test  procedure i n t o  a form accep tab le  
by t h e  aerospace  computer. This  process  is  c h i e f l y  
t h a t  of  data conversion and compacting. E r r o r  checks 
and language d i a g n o s t i c s  are performed a t  t h i s  s t age ;  
The r e s u l t i n g  test d e s c r i p t i o n ,  o n . t a p e ,  i s  read  i n t o  
t h e  aerospace computer and t h e  loading  i s  v e r i f i e d ;  
The tests are manipulated i n  one of s e v e r a l  modes -- 
automatic ,  semiautomatic,  and manual. Monitor tests 
are  executed i n  the monitor phase; 
Whatever t h e  mode o r  phase,  a l l  tests are implemented 
by a set of subrout ines  c a l l e d  out  by t h e  t e s t  pro- 
cedure d e s c r i p t i o n .  These sub rou t ines  are  executed 
s e q u e n t i a l l y  i n  accordance w i t h  t h e  test  e n g i n e e r ' s  
o r i g i n a l  d e s c r i p t i o n ;  
I n  t h e  manual checkout mode, the l o c a l  ope ra to r  may 
c o n s t r u c t  o r  modify a test  on - l ine .  I n  t h i s  mode, 
t h e  TLP is completely bypassed. 
1. T e s t  LanwaPe Processor  (TLP) 
The TLP i s  t h e  po r t ion  of t h e  sof tware  system that promotes 
e f f i c i e n t  u se  and e f f e c t i v e  i n t e g r a t i o n  of many t e s t s .  
t i o n  t o  t h e  b a s i c  t r a n s l a t i o n  f u n c t i o n ,  t h e  TLP provides:  
I n  addi -  
T e s t  language d i agnos t i c s  (checks on t h e  completeness 
and accuracy  o f  each test  element and t h e i r  o r d e r ) ;  
Complete p r i n t o u t  of each t e s t ;  
Checks on t h e  s t imulus  po in t  c o n s t r a i n t s  -- magnitude, 
energy, and t iming; 
Machine-readable form of t h e  r e q u i r e d  microdata  u n i t  
d a t a ;  
Memory a l l o c a t i o n  €or  each t e s t  and t h e  sof tware  
system ; 
Assignment l ist  f o r  swi tch  p o i n t s  v s  t e s t  p o i n t s .  
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The l a s t  two i t e m s  should be u s e f u l  i n  s i z i n g  and developing 
t h e  test  complement f o r  each mission.  
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2 ,  Superv isory lcont ro l  Propram 
This  programed system provides  t h e  sequencing c o n t r o l  and i n -  
t e r n a l  opera t ions  necessary  t o  implement t h e  g e n e r a l  system re- 
quirements.  The fol lowing f u n c t i o n s  a r e  performed: 
1) Scheduling of t a s k s ;  
2) Control of t e s t  sequences i n  t h e  s e v e r a l  modes and 
phases ; 
3) Self  - t e s t ;  
4 )  Audi t ing ,  t o  ensure  proper i n t e r p r e t a t i o n  and execu- 
t i o n  of t e s t s ;  
5) Service r o u t i n e s  f o r  i n p u t / o u t p u t ,  s p e c i a l  a r i t h m e t i c ,  
and d i s p l a y  purposes.  
Exerc ise  of t h e s e  programs depends on e x t e r n a l  c o n t r o l  s i g n a l s  
suppl ied  by t h e  l o c a l  opera tor  o r  v i a  ACE o r  GOSS up-data  l i n k s .  
3 .  T e s t  Elements 
The checkout t e s t s  are  implemented by a se t  of t es t  element 
subrout ines  sequenced i n  accordance w i t h  t h e  t e s t  e n g i n e e r ' s  
d e s c r i p t i o n  of t h e  t e s t  procedure.  The o p e r a t o r  and t h e  t es t  
engineer  have a c c e s s  t o  t h e s e  s u b r o u t i n e s  s o  t h e y  can c o n s t r u c t  
o r  modify a t es t  procedure.  These t e s t  e lements  are  designed t o  
make t h e  f u l l  c a p a b i l i t y  of  t h e  OCS hardware a v a i l a b l e  t o  t h e s e  
u s e r s .  The f u n c t i o n s  provided inc lude  t h e  fo l lowing  t e s t - o r i e n t e d  
o p e r a t  ions : 
1) St imula te  - analog s i g n a l ;  
2) Delay - await  p rescr ibed  c o n d i t i o n ;  
3) Measure - analog s i g n a l ;  
4 )  Latch - se t  and hold a d i s c r e t e ;  
5) Sense - t h e  s t a t e  of a n  e x t e r n a l  d i s c r e t e ;  
6) Switch - independent c o n t r o l  of swi tches ;  
7)  Processing - e . g . ,  l i m i t  checks; 
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8 )  Action - next tes t ,  based on r e s u l t s  of process ing;  
9 )  Display - r e s u l t s  of test  and d e s c r i p t i v e  material; 
10) Transmit - s t a t u s  and d a t a  t o  remote o p e r a t i o n a l  
center. 
C. SPECIFICATION CP-180400 - GSE FOR OCS 
The OCS-GSE has two major f u n c t i o n s .  The f i r s t  i s  a d u p l i c a t e  
of t h e  c o n t r o l  and d i s p l a y  panel of t h e  OCS-A/B as expla ined  pre-  
v ious ly  i n  Sec t ion  A. The second func t ion  is t o  provide f o r  mem- 
o r y  loading  of t h e  OCS a i r b o r n e  computer. 
t e r f a c e s  w i t h  t h e  DIACU a t  t h e  same po in t  as t h e  ACE-S/C up- l ink .  
The memory loade r  i n -  
D. SPECIFICATION IS-18000 - INTERFACE SPECIFICATION, 
OCS TO AAP EXPERIMENT AND DEVELOPMENTAL SUBSYSTEMS 
This  s p e c i f i c a t i o n  d e f i n e s  t h e  OCS i n  a form to be used by 
experiment and developmental  subsystem manufac turers .  
s c r i b e s  system operation and c a p a b i l i t i e s  t o  a l l o w  t h e  design of 
t h e s e  systems and t h e i r  test requirements  t o  be  compatible  wi th  
ocs. 
It de- 
E. SPECIFICATION IS-180A50 - INTERFACE SPECIFICATION, 
OCS TO AAP LABORAMRY 
This  s p e c i f i c a t i o n  d e f i n e s  t h e  i n s t a l l a t i o n  and f u n c t i o n a l  
i n t e r f a c e s  between OCS and t h e  AAP l a b o r a t o r y  i n  which OCS i s  
i n s t a l l e d .  These i n t e r f a c e s  inc lude  mechanical,  thermal ,  power, 
c a b l i n g ,  t h e  command up d a t a  l i n k  and t h e  PCM te l eme t ry  down 
1 ink.  
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F. SPECIFICATION IS-180B60 - INTERFACE SPECIFICATION, 
OCS TO ACE-S/C 
ACE-SIC i n t e r f a c e s  w i t h  OCS a t  t h e  1 - m c  s e r i a l  i n p u t  t o  the  
ACE-SIC r e c e i v e r  decoder .  This  i n p u t  i s  f e d  t o  t h e  DIACU of  t h e  
OCS. 
f l i g h t  PCM. Funct iona l  c o n t r o l  i n t e r f a c e s  were previous ly  des-  
c r i b e d  i n  Sec t ion  A .  The OCS computer memory can be loaded 
through ACE. 
ACE-S/C r e c e i v e s  down-link informat ion  over  t he  e x i s t i n g  
G. SPECIFICATION IS-180C70 - INTERFACE SPECIFICATION, 
OCS TO MCC-H/GOSS 
The MCC-H/GOSS i n t e r f a c e s  wi th  OCS v i a  t h e  UDL A / B  decoder 
f o r  up l i n k  and v i a  t h e  f l i g h t  PCM f o r  down l i n k .  Funct iona l  
c o n t r o l  i n t e r f a c e s  were prev ious ly  d e s c r i b e d  i n  Sec t ion  A.  
H. FEASIBILITY BREADBOARD 
A breadboard w a s  produced t o  show t h e  f e a s i b i l i t y  of t h e  
s e l e c t e d  OCS concept .  It c o n t a i n s ,  i n  a b b r e v i a t e d  form, most of 
t h e  f u n c t i o n a l  f e a t u r e s  d iscussed  i n  Sec t ion  A.  It c o n s i s t s  of 
a d i s p l a y  board,  which g r a p h i c a l l y  shows OCS o p e r a t i o n .  Func- 
t i o n a l  hardware i s  mounted i n  a c a b i n e t  underneath t h e  d i s p l a y  
board.  It c o n t a i n s  a s t imulus  u n i t ,  measurement u n i t ,  switching 
u n i t s ,  and an abbrevia ted  DIACU.  The c o n t r o l  and d i s p l a y  panel 
i s  mounted on t h e  d i s p l a y  board mentioned above. The breadboard 
sof tware  a l s o  c o n t a i n s ,  t o  a l i m i t e d  degree ,  t h e  major c a p a b i l i -  
t i e s  of t h e  f i n a l  system sof tware .  
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V. PROGRAM LIMITATIONS 
A sumnary of t h e  OCS development and test program schedule  i s  
shown i n  Fig .  V-1. 
a n  init ial  launch i n  J u l y  1968, and d e l i v e r y  of t h e  f l i g h t  u n i t  
t o  t h e  s i t e  3 mo befo re  month of launch. 
This  program is  based on 1 J u l y  1966 go-ahead, 
The fo l lowing  f a c t o r s  are c r i t i c a l  t o  ach iev ing  program sched- 
u l e s  : 
1) The c r i t i c a l  pa th  inc ludes  t h e  t h i n  f i l m  des ign ,  de- 
velopment, and eva lua t ion ;  
2) The packaging conf igu ra t ion  must be e s t a b l i s h e d  3 mo 
ahead of complete system d e f i n i t i o n ;  
3) The engineer ing  development u n i t  w i l l ,  i n  many cases, 
be  b u i l t  from m a t e r i a l s  and components a v a i l a b l e  from 
c u r r e n t  programs, since t h e  procurement c y c l e  i s  not  
compat ible  w i t h  the  e a r l y  program needs;  
4) A breadboard computer of l i m i t e d  c a p a b i l i t y  i s  needed 
soon t o  develop OCS so f tware  and t o  i d e n t i f y  i n t e r f a c e  
requirements;  
5 )  F l i g h t  c e r t i f i c a t i o n  w i l l  be accomplished be fo re  sh ip -  
ment of t h e  f i r s t  f l i g h t  a r t i c l e  and q u a l i f i c a t i o n  
w i l l  be complete before  t h e  f i r s t  launch.  
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VI, RELATIONSHIP TO OTHER NASA EFFORTS 
The OCS has  two g e n e r a l  a p p l i c a t i o n s  t o  o t h e r  NASA programs: 
f i r s t ,  as a checkout system, and, second, as a system f o r  d a t a  
management and system c o n t r o l .  
.m, ncc  .--- 
A l I C  uuu w a 3  designed f o r  use in tfie AAP 83 a ground and a i r -  
borne checkout system. It could a l s o  be used as a checkout sys-  
t e m  i n  t h e  AEP program and any long-dura t ion  manned space v e h i c l e  
such as MORL and Mars probes.  A t  some t i m e  i n  t h e  f u t u r e ,  f l i g h t  
d u r a t i o n  and r e l i a b i l i t y  requirements  w i l l  d i c t a t e  i n - f l i g h t  main- 
tenance  t h a t ,  i n  t u r n ,  w i l l  demand a n  OCS. 
The OCS des ign  concept could be implemented i n  a ground ve r -  
s i o n .  The ground ve r s ion  woulr! be a general-purpose checkout 
system. It could then  be used f o r  boos t e r  and s p a c e c r a f t  check- 
o u t .  This usage could r ep lace  test t o o l i n g  o r  avoid  purchase of 
new, spec ia l -purpose  GSE. An i n t e r e s t i n g  a p p l i c a t i o n  f o r  a ground 
v e r s i o n  of  OCS would be  as a po r t ab le  experiment acceptance  t o o l .  
This  t o o l  would have s i g n i f i c a n t  c o s t  advantages over  separate 
t o o l i n g  f o r  each experiment when used throughout t h e  e n t i r e  Apollo 
experiments program. 
The elements  of  t h e  OCS a re  a n  e x c e l l e n t  beginning f o r  system 
c o n t r o l  func t ions  and d a t a  management. S ince  systems must be ex- 
e r c i s e d  dur ing  checkoil+_, t h e  elements for c g n t r o l  are a l r eady  
p resen t  i n  t h e  OCS. The OCS could c o n t r o l  experiments and devel -  
opmental subsystems on both AAP and AEP. Data management systems 
perform many of t h e  s a m e  func t ions  as t h e  OCS. The only  s i g n i f i -  
can t  element t o  be added t o  the f i r s t - f l i g h t  pro to type  OCS t o  
accomplish d a t a  management i s  a more v e r s a t i l e  memory such as a 
t a p e  r eco rde r .  The swi tch ing  and measurement u n i t s  can  g a t h e r ,  
s c a l e ,  and d i g i t i z e  analog data .  
p lay  back t h e  d a t a .  The 
computer can c o n t r o l  the entire process .  
The t a p e  u n i t  would record  and 
The DIACU can  provide format  changes.  
V I I .  IMPLICATIONS FOR RESEARCH 
Thin Film - Thin f i l m  c i r c u i t r y  i s  r e l a t i v e l y  new i n  the  e l e c -  
t r o n i c s  f i e l d .  Research i s  requi red  t o  determine the t r u e  r e l i -  
a b i l i t y  of t hese  c i r c u i t s .  
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Microdata Unit  - The c o n t r o l  and d i s p l a y  panel  con ta ins  a 
microdata  u n i t .  The u n i t  i s  a back- l igh ted  f i l m  p r o j e c t i o n  sys- 
tem t h a t  s u p p l i e s  the  crew with a v a r i e t y  of  tes t  information.  
I n  e f f e c t ,  i t  r e p l a c e s  a handbook. The o p t i c s  of the  u n i t  re-  
q u i r e  some r e s e a r c h  t o  g e t  the u n i t  t o  an  accep tab le  s i z e  and 
weight .  
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Control and Display Unit  - C r e w  i n t e r f a c e  s t u d i e s  a r e  needed 
t o  determine the  optimum manlmachine i n t e r f a c e .  
V I I I .  SUGGESTED ADDITIONAL EFFORT 
During t h e  OCS s t u d y ,  a number of s u b j e c t s  were noted  t h a t  
would b e n e f i t  from a d d i t i o n a l  s tudy .  The recommended a d d i t i o n a l  
s t u d i e s  include: 
Man-machine i n t e r f a c e  needs thorough s tudy  t o  answer 
t h e s e  q u e s t i o n s :  Are t h e  f u n c t i o n s  ass igned  t o  t h e  
a s t r o n a u t  t oo  complex? Can t h e  a s t r o n a u t  be  taught  
t o  perform a s  a t e s t  engineer lprogramer? Are t h e  
planned a s t r o n a u t  c o n t r o l  c a p a b i l i t i e s  r e a l l y  re- 
qui red  f o r  e f f e c t i v e  performance of experiments? Are 
t h e  human engineer ing  a s p e c t s  of t h e  c o n t r o l  panel  
adequate? Where i s  t h e  c rossover  between u s e  of 
microdata  d i s p l a y  and a handbook? 
Experiment and developmental subsystem requirements  
a n a l y s i s  should be cont inued .  This  would emphasize 
two problems: I s  t h e  s i g n a l  spectrum planned f o r  
OCS s t i l l  compatible w i t h  t h e  a c t u a l  requirements? 
Can a narrower range of s i g n a l  i n t e r f a c e s  between t h e  
OCS and t h e  experiments and developmental  subsystems 
be e s t a b l i s h e d ?  
MCC-H/GOSS and ACE-SIC i n t e r f a c e s  w i t h  OCS need f u r -  
t h e r  s tudy .  Emphasis would be  placed on t h e  fo l low-  
ing q u e s t i o n s :  How does a n  o p e r a t o r  execute  a n  OCS 
c o n t r o l  f u n c t i o n  through each system? How would MCC- 
H/GOSS t r a n s m i t  a n  OCS command? What i s  t h e  coding 
f o r  O C S  down-link r e p o r t i n g ?  
Computer s e l e c t i o n  i s  extremely c r i t i c a l  t o  t imely  
completion of t h e  OCS development program. The com- 
puter  i s  a c e n t r a l  f a c t o r  i n  system des ign;  t h e r e f o r e ,  
many des ign  d e c i s i o n s  must be t e n t a t i v e  u n t i l  a com- 
puter  i s  s e l e c t e d .  F u r t h e r ,  a breadboard computer i s  
needed soon a f t e r  go-ahead s o  sof tware  development 
can proceed. 
Control and d i s p l a y  u n i t  d e s i g n  must be  extended t o  
confirm c h a r a c t e r i s t i c s .  What a r e  t h e  phys ica l  char-  
a c t e r i s t i c s  of t h e  microdata  u n i t ?  What a r e  t h e  
recommended c o n t r o l  and d i s p l a y  devices?  
Funct ional  a n a l y s i s  should be completed t o  ensure  
t h a t  a l l  r e s o u r c e s  r e q u i r e d  t o  support  OCS have been 
i d e n t i f i e d .  For example, what a r e  t h e  common t o o l s  
r e q u i r e d  f o r  maintenance? 
